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INTRODUCTION:

Alterations in FGF signaling pathway have been implicated in the pathogenesis of variety
of malignancies including prostate cancer by in vitro and in vivo studies(1-4). FGFs
produce their mitogenic and angiogenic effects in target cells by signaling through four
distinct cell-surface tyrosine kinase receptors, FGFR-1 through FGFR-4. Prostate
epithelial cells express FGF receptors and require FGFs for growth in primary culture.
Prostate cancer cells express multiple types of FGF receptor and increased expression of
FGF receptor-1 (FGFR-1) is present in poorly differentiated human prostate cancers in
vivo(3,4). We hypothesized that FGF receptor signaling is essential for viability of human
prostate cancer cells and disruption of this signaling via  expression of a dominant
negative FGF receptor-1 protein in human prostate cancer cells might contribute to the
death of cancer cells and can be used as adjuvant to current treatment options especially
to radiotherapy since it has been also administered locally. Furthermore, analysis of gene
expression profile in FGFR DN transfected cells might help our understanding of how
FGFR DN works and the differentially expressed genes determined by microarray
analysis can be used as targets for prostate cancer therapy.

BODY:

Task 1: We have proposed to evaluate biological affects of DN FGFR expression in
human primary prostate epithelial cells and prostate cancer cell lines. We have obtained
different recently established prostate cancer cell lines from other investigators and
American Type Culture Collection

(ATCC). Among these are 22Rv1(5) Tablel. Prostate cancer cell lines and
obtained from ATCC, LAPC4 (6) from appropriate MOIs used in adenovirus infection
Dr. Charles Sawyers of University of
California, Los Angeles, C4, C4-2 and Name of the cell MOI used

C4-2B (7) from Dr. Leland Chung of line (in thousand particles)
University of Virginia and MDA PCa 2b

(8) from Dr. Nora Navone of University
of Texas M.D. Anderson Cancer Center. 22 Rv1
These cell lines have been frozen in LAPC4
liquid nitrogen for further experiments. MDA Pca 2b
Normal prostate biopsy specimens were c4

also cultured for the purpose of
obtaining primary prostate epithelial ~C4-2
cells. All cell lines have been tittered for (C4-2B
optimal multiplicity of infection (MOI)
to be used in subsequent experiments.
Viral particles was used to establish
MOIs in cell lines since this has been suggested as a reliable approach in the literature (9-
11). This data is summarized in Table 1.

To analyze the affect of DN FGFR in human prostate cell proliferation and/or viability,
cells were counted by Coulter counter after 24, 48 and 72 hr of infection with DN FGFR
and LacZ. As seen in Figure 1, LAPC4 cells had the most dramatic effect on the
inhibition of cell proliferation when infected with DN FGFR adenovirus. Over 90 % of
the cells died after 72 hours of infection with DN FGFR; however, there was a 16%
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increase on the number of
cells infected with LacZ as
control. MDA Pca 2b cells
also showed decreased in the
number of proliferating cells
after infection with DN
FGFR adenovirus as
compared to control at all
three time points (Figure 1).
After 72 hours of infection
cells treated with DN FGFR
stopped  proliferating  as
contrast to the cells infected
with  control  adenovirus
which continued to grow and
more than doubled in number
in 72 hours. The 22 Rv1 cell
line only had significant
reduction on the number of
proliferating cells after 72
hours of infection.
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Figure 1. Effect of DN FGFR on prostate cancer cell proliferation and
viability. LAPC4 22Rv1 and MDA PCa 2b cells were plated at 5 x 10 *
cells per 35-mm dish and infected with Ad FGFR or Ad Lac Z as control.
The cell number was determined by counting with the use of Coulter
counter at 24, 48, and 72 hours after infection. All values are the mean of
triplicate determinations.

A series of lineage-related LNCaP cell sublines that reflect the various steps of prostate
carcinogenesis and progression has been derived (12). An androgen-independent (Al) cell
line, C4-2, reproducibly and consistently follows the metastatic patterns of hormone-
refractory prostate cancer by producing lymph node and bone metastases when injected
either s.c. or orthotopically in either hormonally intact or castrated hosts (13). This
LNCaP model will help improve our understanding of the mechanisms of androgen-

dependent to androgen-
independent prostate cancer
progression. As seen on
Figure 2, although DN
FGFR adenovirus treatment
did decrease the
proliferation of all three
LNCaP derivatives, The
biological effect was not as
dramatic as it was in
parental LNCap cells. We
have previously observed
50- 70% decrease in cell
number by 72 hours after
DN FGFR treatment (2).
One possible explanation of
this difference could be the
difference in the
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Figure 2. Effect of DN FGFR on prostate cancer cell proliferation and
viability on LNCaP prostate cancer sublines C4, C4-2 and C4-2B.




endogenous FGF2 responds to the DN FGFR treatment of these cell lines. This
possibility is currently under investigation. It is interesting, however, to note that the
original LNCaP cell line was androgen sensitive in contrast to C4-2 sublines. Two of the
cell lines, LAPC4 and MDA PCa 2b, mentioned earlier to have the most biological effect
after DN FGFR treatment are also androgen sensitive prostate cancer cell lines. It might
be interesting to test the effect of DN FGFR on different androgen sensitivity conditions.

For the examination of the
effect of the DN FGFR on cell
cycle progression, prostate
cells were infected with AADN
FGFR and AdLacZ and flow
cytometry analysis was
performed after different time
points (24, 48 and 72 hours). A
summary of these results is
shown in Figures 3 A and B.

All cell lines tested except C4-
2 accumulated in G2/M 72
hours after the infection with
DN FGFR. In 48 hours of
infection with DN FGFR, C4-2
cells, however showed 20%
increase in the number of cells
in G2/M  phase.  The
accumulation of cells in G2/M
did not correlate the biological
effect of DN FGFR in every
cell line. For example,
treatment of DN FGFR showed
more biological effect on MDA
PCa 2b cells as compared to
22Rvl1 cells after 72 hours of
infection (28% reduction in cell
number after 72 hours of
infection in 22Rvl cells vs
68% reduction in MDA PCa 2b
cells). However, The
percentage of the cells in G2/M
were 85 and 15 in 22 Rv1 and
MDA PCa cells, respectively.
This might require further
investigation. 22 Rvl cells
might need more time to
acquire the biological effect of
DN FGFR. We are planning to
do more experiments in this
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Figure 3. Prostate cancer cells, LAPC4, 22Rv1 and MDA Pca
2b (A) and C4, C4-2 and C-42B (B) were infected with AADN
FGFR and AdLacZ and flow cytometry analysis was performed
after 24, 48 and 72 hours. Percent of the cells in G2 is shown in

each on the y-axis.



respect in coming year. Cell cycle analysis of DN FGFR treated LAPC4 cells as a
representation is shown in Figure 4.
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Figure 4. Cell cycle analysis of DN FGFR infected LAPC4 cells. In each case, cell
number is represented on the y-axis, with the corresponding fluorescence at 550 nm is
shown on the x-axis. Flow cytometry data are seen as a line, and filled area represents
the result of cell cycle analysis by the use of Multi Cycle software. The percantage of
G2/M as determined with this software is indicated.

Task 2: Since our production of AADN FGFR, further developments have been made in
the area of adenoviral delivery to enhance the transduction ability of the vectors such as
AdS5 and Ad35. The entry pathway for Ad5 consists of initial binding to the cell, which is
mediated by the association of the Ad5 fiber protein and a 46-kd membrane protein called
CAR, followed by internalization. CAR is a member of the immunoglobulin superfamily
and also serves as the receptor for coxsackie B virus. Recently, a new adenovirus vector
has been developed in which the fiber protein of adenovirus type 35 (Ad 35) has been
substituted for the fiber protein of Ad5 that allows the virus to enter cells in a CAR-
independent fashion. It has been shown that this new vector could efficiently transfer
genes into hematopoietic stem cells and human bone marrow mesenchimal stem cells(14-
16). We have done some preliminary experiments using Ad5F35gfp adenovirus on
DU145 and PC3 human prostate cancer cells. We were able to infect these cells with as




low as 10-20 MOIL. This is a tremendous improvement as compared to our current vector
since we were not able to infect PC3 cells with our adenovirus at as high as 10 thousand
MOI. Since we need high transduction efficiency of DN FGFR without seeing much
toxicity of the adenovirus itself, this approach will expedite our research. Currently the
construction of Ad5F35 DN FGFR is in progress with collaboration of our colleagues
Drs. Elizabeth Olmsted-Davis and Alan Davis of Vector Development Core Facility at
our Institution. We already have some lysates to test the expression of DN FGFR and we
are hoping to expend and have the virus in less than 2 months. Since this new vector will
enhance the efficiency of delivery of DN FGFR especially in vivo, we have not initiated
our in vivo experiments yet. We are planning to initiate these experiments in the
upcoming year and have the data by the end of second year.

Task 3: Although we have not done extensive microarray experiments to compare the
differentially expressed genes in DN FGFR treated prostate cancer cell lines, in our
preliminary experiments one of the differentially expressed genes in AADN FGFR treated
cells was CDC25C. CDC25 phosphatases belong to the tyrosine phosphatase family and
play a critical role in regulating cell cycle progression by dephosphorylating cyclin
dependent kinases at inhibitory residues. In human cells, cdc25 proteins are encoded by a
multigene family, consisting of CDC254, CDC25B, and CDC25C(17,18). In late G2, the
CDC25C dephosphorylates Cdc2 on both threonine 14 and tyrosine 15, leading to the
activation of Cdc2/cyclin B complexes(19-21) and progression through the G2/M
checkpoint. Phosphorylation of serine 216 of CDC25C throughout interphase and upon
G2 checkpoint activation has been found to negatively regulate the enzymatic activity of
CDC25C (22,23) and a positive feedback loop has been proposed between cdc2 and
CDC25C (17,21,23,24). Activated Chk kinases can inactivate CDC25C via
phosphorylation at serine 216, blocking the activation of cdc2 and transition into M-
phase (25). Another aspect of Cdc25 regulation is alternative splicing that may produce at
least five CDC25B variants (26). Splice variants are also reported for CDC254 and C
(27,28). The activity and regulation of CDC25C in prostate carcinoma has not been
previously examined, despite its potentially important role in the G2/M transition in this
common malignancy. To determine whether CDC25C plays a role in prostate cancer, we
have examined the expression of CDC25C and its alternatively spliced variant in human
prostate cancer. CDC25C protein is upregulated in comparison to normal prostate tissue
and is present predominantly in its active dephosphorylated form. In addition, expression
of a biologically active alternatively spliced CDC25C isoform is increased in prostate
cancer. In addition, we have found, by expression of dominant negative fibroblast growth
factor (FGF) receptors, that FGF signaling modulated CDC25C activity in prostate
cancer, and in this manner can promote progression through the G2/M checkpoint.

This study on CDC25C has been prepared as manuscript titled “Increased CDC25C
phosphatase activity in prostate cancer: the role of fibroblast growth factor receptor
signaling” and submitted to Cancer Research and is currently under review as attached.
By comparing and clustering differentially expressed genes in DN FGFR treated cells, we
are hoping to identify more genes in this pathway that can be used in targeted therapy as
we proposed to do in our approved statement of work for 12-36 months.



KEY RESEARCH ACCOMPLISHMENTS:

e Verification of DN FGFR effect on proliferation, survival and cell cycle of
additional prostate cancer cell lines to determine FGF receptor signaling is
essential for viability of human prostate cancer cells and disruption of this
signaling via  expression of a dominant negative FGF receptor-1 protein in
human prostate cancer cells might contribute to the death of cancer cells.

e The G2/M transition may be a critical checkpoint in prostate cancer.

¢ Identification of increased CDC25C phosphatase activity in prostate cancer and
the role of fibroblast growth factor receptor signaling in its activity.

REPORTABLE OUTCOMES:

A manuscript in review: Ozen M and Ittmann M: Increased CDC25C phosphatase
activity in prostate cancer: role of fibroblast growth factor receptor signaling. Cancer
Research (submitted).

CONCLUSIONS:

A research in this report supports that FGF receptor signaling is essential for
viability of human prostate cancer cells and disruption of this signaling via expression
of a dominant negative FGF receptor-1 protein in human prostate cancer cells might
contribute to the death of cancer cells. These findings reveal that prostate cancer cells
treated with DN FGFR is arrested G2/M phase of cell cycle and eventually die. FGF
signaling modulated CDC25C activity in prostate cancer, and in this manner can promote
progression through the G2/M checkpoint. CDC25C protein is upregulated in comparison
to normal prostate tissue and is present almost exclusively in its active dephosphorylated
form. Expression of a biologically active alternatively spliced CDC25C isoform is also
increased in prostate cancer. A better understanding of the mechanism by which FGF
signaling is regulated and determining other molecules involved in this pathway
contributing tumor growth and survival will facilitate the development of cancer
therapies to target FGF signaling pathway.
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ABSTRACT

Alterations in proteins regulating cell cycle progression have been implicated in the
pathogenesis in a wide variety of malignant neoplasms, including prostate cancer. CDC25
phosphatases belong to the tyrosine phosphatase family and play a critical role in regulating cell
cycle progression by dephosphorylating cyclin dependent kinases at inhibitory residues.
CDC25C plays an important role in the G2/M transition by activating Cdc2/Cyclin B1
complexes. To determine whether CDC25C activity is altered in prostate cancer, we have
examined the expression of CDC25C and its alternatively spliced variant in human prostate
cancer. CDC25C protein is upregulated in prostate cancer in comparison to normal prostate
tissue and is present almost exclusively in its active dephosphorylated form. Expression of a
biologically active alternatively spliced CDC25C isoform is also increased in prostate cancer and
is correlated with the occurrence of biochemical (PSA) recurrence. By expression of dominant
negative fibroblast growth factor receptors (FGFR), we have found that loss of fibroblast growth
factor signaling decreases CDC25C activity in prostate cancer by multiple mechanisms, implying
that the increased CDC25C activity in prostate cancer is linked to increased FGF signaling in this
malignancy. A better understanding of the mechanism by which FGF signaling regulates cell
cycle progression will facilitate the development of cancer therapies that target the FGF

signaling pathway.



INTRODUCTION

Abnormal expression and/or activity of cell cycle regulatory proteins have been identified
in a wide variety of malignant neoplasms, including prostate cancer (1,2). Cell cycle progression
is controlled by the sequentially activities of cyclin dependent kinases, whose activities are
tightly regulated by cyclins, cyclin dependent kinase inhibitors and a variety of other proteins.
Several groups have shown increased expression of cyclin B1, which plays a critical role in the
G2/M transition, in human prostate cancers (1,2). Recent work by Maddison et al. (3) has
demonstrated increased levels of cyclin B1 in poorly differentiated and androgen independent
prostate cancers in the TRAMP mouse model of prostate cancer. During G2, the Cdc2/Cyclin B
complex is kept inactive by phosphorylation of Cdc2 by Weel. At the onset of mitosis
Cdc2/Cyclin B complex are dephosphorylated by the phosphatase CDC25C leading to increased
kinase activity (4-6). Our laboratory has demonstrated previously that disruption of fibroblast
growth factor (FGF) signaling in prostate cancer cells leads to decrease in Cdc2 kinase activity
and arrest in G2, followed by cell death (7). Together, these findings imply that the G2/M
transition may be a critical checkpoint in prostate cancer.

CDC25 phosphatases belong to the tyrosine phosphatase family and play a critical role in
regulating cell cycle progression by dephosphorylating cyclin dependent kinases at inhibitory
residues. In human cells, CDC25 proteins are encoded by a multigene family, consisting of
CDC254, CDC25B, and CDC25C (8). In late G2, the CDC25C protein dephosphorylates Cdc2
on both threonine 14 and tyrosine 15, leading to the activation of Cdc2/Cyclin B complexes (9-
11) and progression through the G2/M checkpoint. Phosphorylation of serine 216 of CDC25C
throughout interphase and upon G2 checkpoint activation has been found to negatively regulate

the enzymatic activity of CDC25C (12,13) and a positive feedback loop has been proposed




between Cdc2 and CDC25C (11,13-15). Activated Chk kinases can inactivate CDC25C via
phosphorylation at serine 216, blocking the activation of Cdc2 and transition into M-phase (16).
Another aspect of CDC25 regulation is alternative splicing that may produce at least five
CDC25B variants (17), and splice variants are also reported for CDC25A and CDC25C (18,19).
The activity and regulation of CDC25C in prostate carcinoma has not been previously examined,
despite its potentially important role in the G2/M transition in this common malignancy.

To determine whether CDC25C plays a role in prostate cancer, we have examined the
expression of CDC25C and its alternatively spliced variant in human prostate cancer. CDC25C
protein is upregulated in comparison to normal prostate tissue and is present predominantly in its
active dephosphorylated form. In addition, expression of a biologically active alternatively
spliced CDC25C isoform is increased in prostate cancer. Finally, we have found, by expression
of dominant negative (DN) fibroblast growth factor receptors (FGFR), that FGF signaling
modulates CDC25C activity in prostate cancer, and in this manner can promote progression
through the G2/M checkpoint.

MATERIALS AND METHODS

Tissue acquisition and extraction: Normal peripheral zone, hyperplastic transition zone (BPH)
and cancer tissues were collected from men undergoing radical prostatectomy for clinically
localized prostate cancer by Baylor prostate cancer SPORE Tissue Core and snap frozen. Benign
tissues were confirmed to be free of cancer and cancer tissues contained at least 70% carcinoma.
RNAs were extracted from 17 normal peripheral zone tissues, 7 BPH tissues and 58 prostate
cancers using TRIzoL Reagent (Invitrogen, Carlsbad, CA) as described in the manufacturer’s
protocol. We analyzed 20 cancers with no evidence of prostate specific antigen (PSA) recurrence

after 5 years of follow-up, 19 cancers with delayed PSA recurrence (mean time to recurrence




34.1 months) and 19 cancers with early recurrence i.e. less than one year (mean time to
recurrence 4.5 months). PSA recurrence was defined as serum PSA greater than 0.2 ng/ml.
Protein extracts were prepared as described previously (20) from 10 cancers and 8 normal
peripheral zone tissues.

Reverse transcriptase-PCR and agarose gel elecrophoreisis: RNAs extracted from the prostate
tissues were first reverse transcribed as previously described (20) and analyzed for the presence
of two different cDNAs for CDC25C using primers flanking the deletions of the CDC25C
sequence: forward, 5°’-AGA GAG AAG CTT ATG TCT ACG GAA CTC TTC TCA TCC-3’;
reverse, 5°-CCC AAA TAT TTC ATT TCA CTG TCC-3’ as described previously by Bureik et
al. (19). Thirty-five PCR cycles of were performed as follows: denaturation at 94° C for 1 min,
annealing at 60° C for 1.5 min, elongation at 72° C for 1 min followed by a final 5 min extension
at 72° C. The reaction was performed with the Takara kit (Takara Bio Inc, Japan) following
manufacturers protocol. The PCR products were analyzed on a 1.5 % agarose gels and stained
with ethidium bromide.

Cell lines and viruses: PC-3, DU145, and LNCaP human prostate cancer cell lines were cultured
in RPMI-1640 medium supplemented with 1% antibiotic and antimycotic (Gibco-BRL, Grand
Island, NY) and 10% fetal bovine serum (FBS). Dominant negative (DN) FGFR, green
fluorescent protein (GFP) and p-galactosidase (LacZ) expressing, replication incompetent
adenoviruses have been described previously (7).

Adenovirus infection: Cells were infected with adenovirus in presence of infection media (RPMI-
1640 supplemented with 2% FBS), incubated 1 hour at 37° C with shaking, and transferred to an

incubator (37° C, 5% C0,) after adding complete medium as described previously (7).




Western blot analysis: Cells were plated at 1x10° cells per 10 cm dish and infected with
adenoviruses as described above. The cells were collected at each timepoint and lysed in lysis
buffer (7) and cleared by centrifugation for 10 min in a microcentrifuge at 4° C. Protein
concentration was determined using a BioRad protein assay (BioRad, Hercules, CA). The lysates
were then boiled in sample buffer, centrifuged and the 30 ug of supernatant protein subjected to
sodium dodecy! sulfate-polyacrylamide (SDS-PAGE) electrophoresis using a 10% gel. The
resolved proteins were electrotransferred to nitrocellulose membranes and then blocked with
phosphate buffered saline with 0.5% Tween 20 (PBST) containing 5% fat-free milk. Western
blot for CDC25C was performed using 500 ng/ml polyclonal anti-CDC25C antibody (C20, Santa
Cruz Biotechnology, Santa Cruz, CA) or anti-phosphoCDC25C (ser 216) antibody (901, Cell
Signaling Technology, Beverly, MA) at 4° C for 16 hrs The membranes then were washed with
PBST and treated with appropriate secondary antibody. The antigen-antibody reaction was
visualized using an enhanced chemiluminescence (ECL) assay (Amersham, Arlington Hts, IL)
and exposure to ECL film (Amersham). Control primary antibody was an anti-f3 actin
monoclonal antibody (A5316, Sigma, St Louis, MO) at a 1:5000 dilution.

RESULTS

CDC25C in clinically localized human prostate cancers.

To evaluate the in vivo activity of CDC25C in prostate cancer tissues, we determined the levels
of total and serine 216 phosphorylated CDC25C protein in the lysates from normal prostate
peripheral zone and prostate cancer tissue samples. Out of 9 evaluable cancer samples, only two
had detectable amounts of phosphorylated CDC25C, while total CDC25C levels was detectable
in 6 of 9 cases. In contrast, normal prostate peripheral zone samples had detectable

phosphorylated CDC25C proteins in 6 of 8 samples whereas only 2 of them showed detectable




total CDC25C protein (Figure 1). Thus, in cancer tissues there is both markedly increased
CDC25C protein and much less of its inactivate, phosphorylated form. In addition to the full
length CDC25C protein examined here, there is an alternatively spliced of CDC25C transcript
that has been detected in a number of tissues and in colon cancers (18,19). This variant protein
could not be evaluated because of overlap with the immunoglobulin heavy chain that is always
present in large amounts in clinical tissue samples. We therefore analyzed RNAs from clinically
localized prostate cancers for the presence of the CDC25C variant mRNA using RT-PCR and
electrophoreisis on agarose gels (Figure 2). The alternatively spliced CDC25C transcript is
present in both LNCaP and DU145 prostate cancer cell lines. The results of analysis of the tissue
samples are summarized in Table 1. The variant CDC25C transcript was detectable in 29 of 58
prostate cancer RNAs. In contrast, only 3 of 17 normal peripheral zone samples and none of the
seven BPH samples had this variant. The difference between the cancer and benign samples was
statistically significant (p=0.002, Fisher exact test). In addition, the presence of the variant was
strongly associated with the occurrence of biochemical (PSA) recurrence. Overall, the variant
was present in cancer samples from 23 of 38 patients with biochemical recurrence but only 6 of
20 without PSA recurrence. This difference was statistically significant (p=0.027, Pearson’s chi
square). Since PSA recurrence is associated with aggressive disease and decreased patient
survival, this observation implies that expression of the variant mRNA is higher in aggressive
prostate cancers. No correlation of expression of the CDC25C variant with preoperative PSA or

pathological stage was detected.
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Dominant negative FGF receptor expression alters CDC25C activity in prostate cancer cell
lines.

Given that expression of dominant negative (DN) FGF receptors is associated with G2 arrest and
decreased Cdc2 kinase activity in prostate cancer cells, we examined whether CDC25C activity
is dependent on FGF signaling. LNCaP and DU145 prostate cancer cells were infected with
adenovirus carrying DN FGFR constructs as described previously (7) and cell lysates were
prepared 6, 16, 24, and 48 hr after infection. Previous experiments have shown that expression of
DN FGFR in these cell lines leads to a marked increase in cells in G2 by 24 hours after infection.
Western blot analysis revealed that expression of DN FGFR caused increased phosphorylation of
CDC25C at serine 216 by 6 hrs after infection in LNCaP cells (Figure 3A). A similar
phenomenon has observed in DU145 cells (data not shown). As seen on Figure 3B, total
CDC25C levels did not change after 16 hours of DN FGFR expression, but there was a marked
downregulation of a the protein arising from the alternatively spliced variant of CDC25C
(marked as variant 1 in Figure 3B). The specificity of this band was confirmed by preincubating
the antibody with the peptide used to generate this antibody (Figure 3B). At later times after
expression of DN FGFR, there was a marked decrease in full length CDC25C protein. As seen
on Figure 4, total CDC25C protein levels were decreased 48 hours after infection with very
minimal amounts detected after 72 hours of DN FGFR expression. As observed for LNCaP cells,
there was marked downregulation of the alternatively spliced smaller variant of CDC25C by 24
hrs after infection with DN FGFR adenovirus in DU145 cells. We performed semi-quantitative
RT-PCR analysis to determine whether there was a similar alteration in CDC25C mRNA levels
in DU14S5 cells infected with DN FGFR adenovirus or control GFP adenovirus. As shown in

Figure 5, there is a marked decrease in full length CDC25C transcript visible after 25 cycles of




PCR, which occurs within 24 hours after expression of DN FGFR. The band corresponding to
the alternatively spliced transcript is not visibly decreased within 24 hours after infection at 25
cycles.
Dominant negative FGF receptor does not change Wee 1 levels.
During G2, Wee 1 counteracts the effects of CDC25C by keeping the Cdc2/Cyclin B complex
inactive by phosphorylation of Cdc2. It is possibly that the observed decrease in CDC25C
activity could be negated by loss of Wee 1 in response to DN FGFR expression. We therefore
determined the levels of Wee 1 protein in DN FGFR treated cells. As shown in Figure 6, Wee 1
levels did not change even after 72 hours of DN FGFR expression. Taking together, these data
indicate that CDC25C, but not Wee 1, is affected by DN FGFR expression in prostate cancer
cells.
DISCUSSION

CDC25A and CDC25B have been shown to collaborate with either mutation in the RAS
oncogene or loss of RB in transformation and, in this initial report, CDC25B protein was
increased in 32% of human breast cancers (21). Subsequently, increased expression of CDC25A
has been demonstrated in head and neck (22), non-small cell lung (23), gastric (24) and colon
cancers (25) while CDC25B is increased in non-Hodgkin’s lymphomas (26), as well as head and
neck (22), non-small cell lung (23), gastric (24), colon (25), pancreatic (26) and prostate cancers
(27). In contrast, increased expression of CDC25C has only been reported in a fraction of colon
(25) and endometrial cancers (28). We have shown that the majority of prostate cancers have
both increased total CDC25C protein and less phosphorylated CDC25C when compared to
normal prostatic tissue. In addition to the full length CDC25C mRNA, we detected an

alternatively spliced CDC25C in both human prostate cancers in vivo and in prostate cancer cell




lines. This alternatively spliced transcript has a deletion of exons 3 and 5 of the CDC25C gene
and encodes a smaller protein containing the carboxy terminal catalytic domain and 17 unique
amino acids. This alternatively spliced variant can complement a CDC25C mutant strain of S.
Pombe (19). It is interesting to note that this variant leads to an increased uncoupling of the
onset of mitosis and the completion of DNA synthesis in this mutant strain of S. Pombe,
implying poor regulation of the activity of this variant protein. Of note, we did not observe any
phosphorylation of this variant on serine 216 in prostate cancer cells, despite the fact that the
variant protein retains this negative regulatory site. This alternatively spliced RNA was detected
in one half of the prostate cancers analyzed but in only 13% of the benign tissues. The presence
of this variant was significantly correlated with biochemical (PSA) recurrence following radical
prostatectomy, which is associated with aggressive disease and worse patient outcome. Although
this variant is only a fraction of total CDC25C mRNA in vivo, it may have significant biological
effects that lead to more aggressive diseases, perhaps through poor regulation of its activity.
Thus, prostate cancer is characterized by multiple alterations in CDC25C that can increase its
activity in vivo.

Disruption of FGF signaling by expression of dominant negative receptors leads to
marked decrease in CDC25C activity. This loss of CDC25C activity has three components. First,
there is a marked increase in CDC25C phosphorylation on serine 216 as early as 6 hours after
expressing of the DN FGF receptor. The mechanism by which loss of FGF signaling leads to
increased CDC25C phosphorylation is unclear. To date, we have been unable to demonstrate
changes in phosphorylation of Chk1 or Chk2 kinases in response to disruption of FGF signaling
(unpublished observations). Other kinases, such as C-TAK1 may also phosphorylate CDC25C

(29), and these have not yet been evaluated. In addition, there is a marked decrease in CDC25C
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mRNA within 24 hours, due to either decreased transcription or increased degradation. This
results in decreased full length CDC25C protein by 48 hours after disruption of FGF signaling.
Finally, there is a marked decrease in the level of an alternatively spliced CDC25C protein.
Interestingly, despite the rapid decrease in full length CDC25C mRNA, there is little change in
the level of the alternatively spliced transcript, implying that the rapid loss of the variant
CDC25C protein is either due translational or post-translational mechanisms. Thus, through
multiple mechanisms, there is a marked decrease in active CDC25C in prostate cancer cells in
response to disruption of FGF signaling, but determination of the mechanism by which these
changes occur will require further investigations.

Alterations in FGF signaling pathway have been implicated in the pathogenesis of variety
of carcinomas including prostate and pancreatic carcinoma as well as melanoma by in vitro and
in vivo studies (7,20,30-39). FGFs produce their mitogenic and angiogenic effects in target cells
by signaling through four distinct cell-surface tyrosine kinase receptors, FGFR-1 through FGFR-
4, Prostate epithelial cells express FGF receptors and require FGFs for growth in primary culture.
Prostate cancer cells express multiple types of FGF receptor and increased expression of FGF
receptor-1 (FGFR-1) is present in poorly differentiated human prostate cancers in vivo (31,34).
Autocrine expression of FGFs and expression of FGF receptors is present in the commonly used
prostate cancer cell lines i.e. PC-3, DU145 and LNCaP (35-37) and there is increased expression
of FGF2 (34), FGF6 (38) and FGF8 (39) in human prostate cancers in vivo. Given the strong
evidence that FGF receptor activity is significantly increased in prostate cancer, and that loss of
FGF receptor activity leads to decreased total CDC25C protein and increased phosphorylation of
CDC25C in vitro, it is reasonable to conclude that the increase in CDC25C activity in human

prostate cancers in vivo is due, at least in part, to increased FGF receptor activity in the prostate
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cancer cells. Loss of FGF receptor signaling resulted in a rapid decrease in the variant protein in
vitro, so this protein may be also be increased by FGF signaling in prostate canéers. While some
of the decrease in phosphorylated CDC25C in prostate cancer may reflect increased numbers of
cells at the G2/M transition, prostate cancers have a relatively low rate of proliferation, so that it
is unlikely that a significant fraction of cells are undergoing the G2/M transition at any given
time. If FGFs directly increase CDC25C activity this would facilitate progression through this
checkpoint in prostate cancer cells.

In summary, we have described, for the first time, the increased activity of CDC25C
phosphatase in prostate cancer. We have found, by expression of dominant negative fibroblast
growth factor FGF receptor, that FGF signaling modulates CDC25C activity in prostate cancer,
and in this manner promote progression through the G2/M checkpoint. Further studies are
underway to determine the mechanisms by which FGF signaling can modulate CDC25C activity.
A better understanding of the mechanisms by which FGF signaling regulates CDC25C activity
and determination of how other molecules involved in the FGF signaling pathway contribute to
tumor growth and survival will facilitate the development of cancer therapies that target FGF
signaling pathway.
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FIGURE LEGENDS:

Figure 1. CDC25C protein levels in clinically localized human prostate cancers.

Normal peripheral zone, hyperplastic transition zone (BPH) and cancer tissues were collected
from men undergoing radical prostatectomy for clinically localized prostate cancer by Baylor
prostate cancer SPORE Tissue Core and snap frozen. Protein lysates were prepared as described
in Materials and Methods. Western blot for CDC25C was performed using polyclonal anti-
CDC25C antibody or a serine 216 phosphorylation site specific antibody. An anti-B-actin
monoclonal antibody was used as loading control. The numbers representing samples are
obtained from our clinical database. Sample 24 was not included in the analysis due to low f3-

actin signal, indicating inadequate protein in this lane.

Figure 2. Expression of full length and alternatively spliced CDC25C mRNA in prostate cancer

and normal or hyperplastic prostate.

RNAs were extracted from normal peripheral zone tissues, BPH tissues and prostate cancer
tissue samples using TRIzoL Reagent as described by the manufacturer’s protocol and analyzed
by RT-PCR as described in Materials and Methods. Bands corresponding to the full length (512
bp) and variant mRNA (293 bp) are indicated. Three samples each of cancer, normal and BPH

groups are shown.
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Figure 3. Dominant negative FGF receptor expression alters CDC25C activity in LNCaP

prostate cancer cells. LNCaP cells were infected with adenovirus in presence of infection media

as described in Materials and Methods. The cells were collected at each timepoint, lysed, and
lysates boiled in sample buffer, centrifuged and the 30 ug of supernatant protein subjected to
sodium dodecy! sulfate-polyacrylamide (SDS-PAGE) electrophoresis using a 10% gel. A serine
216 phosphorylation site specific antibody (A) and a polyclonal anti-CDC25C antibody detecting
total CDC25C levels (B) were used for Western blotting. The alternatively spliced variant of
CDC25C is marked as variant 1 (B). The specificity of this band was confirmed by preincubating

the antibody with the peptide used to generate this antibody (B).

Figure 4. Effect of dominant negative FGF receptor expression on CDC25C levels on DU145

cells. DU145 prostate cancer cells were infected with adenovirus carrying dominant negative
FGF receptor as described. Cell lysates were prepared 24, and 48 and 72 hr after infection. Total
CDC25C protein was detected using a polyclonal antibody. The smaller spliced variant is

marked as variant 1. Western blot for B-actin was used as loading control.

Figure 5. Semi-quantitative RT-PCR analysis of alternatively spliced CDC25C mRNA

transcripts after FGFR DN expression. DU145 cells infected with adenovirus expressing DN

FGFR or GFP (control). Total RNA was isolated from the cells 24, 48 and 72 hours after
infection, reverse transcribed and subjected to 25 and 35 cycles of PCR amplification as
described in Materials and Methods. The band corresponding to full length CDC25C was 512 bp
and a spliced variant 293 bp in size. Uninfected DU145 cells and water were used as positive and

negative controls, respectively.
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Figure 6. Wee 1 protein expression in DU145 cells treated with adenovirus expressing dominant

negative FGF receptor. DU145 prostate cancer cells were infected with adenovirus carrying DN

FGFR. Cell lysates were prepared 24, 48 and 72 hours after the infection and subjected to
Western blotting with the antibodies detecting Wee 1 and B-actin proteins as described in

Materials and Methods.

Table 1. Determination of expression of CDC25C alternatively spliced variant in

clinical prostate specimens

Variant Variant

present (%) absent (%) Total
Recurrent 23 (60.5) 15(39.5) 38
Non-recurrent 6 (30) 14 (70) 20
Normal 3 (17.6) 14 (82.4) 17
BPH 0 (0) 7 (100) 7
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